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[57] ABSTRACT

The object of this invention is to purge any entrapped
air from the ink cavity (17) and nozzle orifice (15) of the
print head (10) of a drop-on-demand ink jet printer.
Purging is accomplished automatically as a part of the
start up operation and also if, during operation, the
velocity Vof the ink droplets (26), as sensed by a sensor
(41), drops below a preselected reference value V,.

The print head comprises a tubular piezoelectric trans-
ducer (11). The transducer is energized with a series of
pulses for a preselected short time period and at a repe-
tition rate substantially equal to a resonant frequency of
the ink cavity. This effectively purges any entrapped air
from the ink system. Except during purging, the trans-
ducer operates asynchronously in drop-on-demand
mode in response to discrete binary print signals.

7 Claims, 1 Drawing Figure
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RESONANT PURGING OF DROP-ON-DEMAND
INK JET PRINT HEADS

DESCRIPTION

1. Technical Field

This invention relates to priming or purging of ink jet
print heads, and more particularly, to an apparatus and
method of purging air from the print head cavity and
nozzles used in drop-on-demand ink jet printers without
requiring a supplemental pressure source.

In drop-on-demand ink jet printers, an ink droplet 1s
ejected each time an electromechanical transducer is
asynchronously energized. If there is any air within the
ink system, energization of the transducer will cause
compression of the air rather than ejection of an ink
droplet. It is therefore essential that, prior to a printing
operation, the ink cavity and nozzles in the print head of
a drop-on-demand ink jet printer be primed or purged
to remove any air bubbles that may be present in the ink
system, and that the cavity and nozzles be re-primed
from time to time to remove any bubbles that may be-
come trapped in the ink system during operation.

2. Background Art

U.S. Pat. No. 3,661,304 describes a binary electro-
static pressure ink jet system in which a piston or the
like is employed to introduce *““a large amount of mo-
mentum” in the form of “a fast rising pressure pulse or
shock wave” into the fluid supply passages in the initial
phase of start up. |

U.S. Pat. No. 2,512,743 describes a synchronous type
spray system that operates preferably at a resonant fre-
quency in the MHz range. For start up, the transducer

1s energized to produce supersonic compressional pres-
SUre waves.

U.S. Pat. No. 4,123,761 describes a method of purg-
ing a drop-on-demand 1nk jet head by applying pressure
from an elastic balloon receptacle for forcing ink
through the head to remove bubbles and impurities
from the ink passages. |

The November 1975 issue of the IBM Technical
Disclosure Bulletin (at p. 1984) discloses an ink jet head
transducer with a supplemental oil-can transducer to aid
in start up and shut down of ink flow in a pressurized
ink jet system. This oil-can transducer is initially driven
at a low frequency to create droplets. Then both the ink
pressure and drive frequency of the ink jet head trans-
ducer are increased. Meanwhile, the drive voltage of
the oil-can transducer i1s decreased and the drive volt-
age for the ink jet head transducer is increased, until
normal pressurized ink jet operation is achieved without
assistance from the oil-can transducer. The purpose of
this arrangement is to avoid discharge of large globs of
ink during start up. It assumes that there is never any air
in the 1nk system, and requires two transducers.

‘The August 1978 1ssue of the IBM Technical Disclo-
sure Bulletin (at p. 1212) describes an ink jet printing
system 1n which the velocity and volume of droplets are
sensed and maintained at preselected values by a drive
servo that functions to control both the pressure of the
ink and the ink jet head drive voltage. There is no teach-
ing that droplet velocity be sensed to tnitiate a purging
operation if droplet velocity falls below a preselected
value due, for example, to presence of an air bubble in
the ink cavity. |

U.S. Pat. No. 4,176,363 discloses a drop-on-demand
ink jet device wherein a multi-nozzle print head is regu-
larly moved, after each successive predetermined per-
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iod of time, to a designated position at which ink 1is
expelled from all nozzles to prevent clogging.

U.S. Pat. No. 4,034,380 discloses an ik jet device
comprising a sensor to detect oscillation of an electro-
strictive member during each pulse and produce a signal
indicative of the amount of ink in an ink chamber. When
the ink chamber is filled with ink, the oscillation is
damped out. However, if the degree of oscillation indi-
cates that bubbles are present in the ink chamber, the
magnitude of the pulse 1s increased to maintain ink ejec-
tion at a desired level. |

In these and other prior art arrangements known to
applicants, means other than a drop-on-demand mode
transducer are provided to increase the pressure of the
ink to purge air from the ink system.

DISCLOSURE OF INVENTION

- In accordance with the invention, during start up a
single electroacoustical transducer in the form of a pi-
ezoelectric crystal 1s energized continuously with a
series of pulses of at least a predetermined amplitude
and a repetition rate equal to at least one resonant fre-
quency of the ink cavity to purge any air entrapped in
the ink in said cavity or associated nozzle. After this
purging, the transducer 1s energized in an asynchronous
drop-on-demand mode. Thus, purging and asynchro-
nous operation of the ink jet device are achieved with-
out the use of supplemental pressure sources. This purg-
ing operation may be repeated at different resonant
frequencies. Also, by appropriate programming . or
other control, the purging may be performed not only
prior to a printing operation, but also periodically dur-
ing a printing operation if, for example, a suitable sens-
ing means detects that the velocity of the ink jet ink has
dropped below a preselected value, such as might be
caused by an air bubble entrapped in the nozzle.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE 1s a drawing, partly in section
and partly schematic, of a drop-on-demand ink jet print-
ing device embodying the invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

As illustrated, the drop-on-demand ink jet printing
device embodying the invention comprises a print head
10 that includes a tubular electro acoustic transducer 11
disposed between two concentric electrodes 12, 13. A
nozzle plate 14, that encloses one end of the transducer,
has a nozzle orifice 15 via which printing ink supplied
from an ink supply container 16 is expelled from a cav-
ity 17 1n the print head.

More specifically, the transducer 11 1s in the form of
a tubular piezo-electric crystal. Inner electrode 12
makes operative contact with the entire inner surface of
the transducer; whereas outer electrode 13 is split into
two axially spaced rings 134, & which make operative
contact with axially spaced portions of the outer surface
of transducer 11. Nozzle plate 14 1s secured by noncon-
ductive epoxy 18 to one end of print head 10. The other
end of the print head 1s inset into an annular recess 19
and bonded by conductive epoxy 20 to a shoulder 21
defining one end of an annular barrier 22 in ink supply
container 16. The inside diameter of the barrier 22 is
preferably the same as the inside diameter of inner elec-
trode 12; however, 1if preferred, the opening through
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barrier 22 may be tapered, increasing in diameter
toward container 16. - |

One outer electrode 13a 1s connected to ground, and
the other outer electrode 136 i1s connected via a drive
line 25 to control circuitry presently to be described.
When a direct-current voltage of appropriate polarity
and magnitude 1s applied between the electrodes, trans-
ducer 11 will contract radially. The consequent sudden
decrease in volume of cavity 17 will create a pressure
pulse and cause a droplet 26 to be expelled from the
cavity through orifice 15. The amount of ink forced
back into container 16 by this pressure pulse will be
minimal because of the high acoustic impedance created
by the relatively long length and small inside diameter
of the transducer.

During start up, as when the operator depresses a
start button (not shown), suitable circuitry 28 will pro-
vide a signal to set a flip flop 29. This will provide a
signal on line 30 for energizing suitable means 31 to
“move the print carriage (not shown) and hence the ink
jet print head 10 to a preselected purging position X
(not shown). This purging position is one at which any
ink ejected from orifice 15 will not contact the print
medium (not shown) to avoid ink smear.

When a micro-switch sensor 32 detects that the car-
riage is at position X, a signal will come up 1n line 33.
The signals in lines 30, 33 will then be ANDed at 34 to
bring up a signal in line 335. This will cause a gate 36 to
connect a resonant frequency source 37 via an OR gate
38 and drive line 25 to transducer 11. Source 37 1s ad-
justed to provide a continuous series of pulses at a repe-
tition rate equal to that of a resonant frequency of cavity
17. Supplying pulses at a resonant frequency has been
found by actual test to be very effective in purging
entrapped air from cavity 17 and nozzle orifice 15.

After a preselected short period of time, as deter-
mined by a delay line 39, the signal in line 35 will trigger
a single-shot circuit 40 to reset tlip flop 29.

It 1s also desirable that means be provided for auto-
matically purging cavity 17 and orifice 15 under certain
conditions during operation. For example, if air be-
comes entrapped in cavity 17, the efficiency of the
piezo-electric crystal 11 will be reduced and this results
In a reduction in velocity of the ink droplets 26. Ac-
cordingly, a velocity sensor 41 is provided to measure
the velocity of droplets 26 as they are ejected from
nozzle orifice 15. This sensor differentiates the elapsed
time for each droplet to travel through a prescribed
small distance. If droplet velocity Vg, as sensed, falls
below a reference velocity V,, a comparator 42 will
provide a signal to set the flip flop 29; whereupon cavity
17 and nozzle 15 will be purged with pulses at cavity
resonant frequency until the flip flop is reset in the same
manner as previously explained in connection with start
up. |
When a purging operation ceases by resetting of flip
flop 29, the signal will drop in line 35. This will cause an
inverter 43 to enable one leg of an AND gate 44. Now,
as and when binary data or print signals are asynchro-
nously provided during operation in a drop-on-demand

mode, gate 45 will operate to connect a source 46 of

clock pulses to AND gate 44. With both legs thus en-
abled, AND gate 44 will pass these print signals via OR
gate 38 and the drive line 25 to transducer 11. The
pulses from source 46 are at a much lower frequency
than those provided by the resonant frequency source
37. The pulses from source 46 correspond to the rate at
which print signals are to be converted into droplets.
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Thus, ink droplets will be ejected asynchronously to
print on the aforementioned print medium as and when
print signals are supplied to gate 45.

By way of example, 1t has been found that if a tubular
piezo-electric crystal driver having an outside diameter
of 0.050", an inside diameter of 0.030", a tube length of
0.800" and an orifice of 0.002" diameter is driven at a
repetition rate of 69 KHz and a peak-to-peak voltage of
10 volts, a resonating acoustic wave is generated that is
strong enough to eject a continuous jet stream from the
nozzle and effectively dislodge all entrapped air. By
contrast, the frequency of pulses from the clock source
46 would be of the order of less than 10 KHz for a
typical ink viscosity of 5-10 centipoise.

It 1s to be noted that acoustic waves have generally
Iimited band width (typically of the order of several
KHz). It is therefore important that the resonant fre-
quency source 37 be tuned as accurately as possible to
hit a precise resonant frequency of the cavity. Cavities
of irregular shape will have several resonant frequen-
cies. Excitation at several resonant frequencies in an
alternating fashion has been found to effectively dis-
lodge even very large air bubbles.

It will be understood that, if desired, resonant purg-
ing of the cavity 17 and nozzle 15 could be effected after

. fixed predetermined periods of operation. This could be
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achieved by providing a timing circuit (not shown) that
would time the period of operation and periodically
provide a signal that would set flip flop 29.
While the invention has been shown and described
with reference to a preferred embodiment thereof, it
will be understood by those skilled in the art that the
foregoing and other changes in form and detail may be
made therein without departing from the spirit, scope
and teaching of the invention. Accordingly, the appara-
tus and method herein disclosed are to be considered
merely as illustrative and the invention is to be himited
only as specified in the claims.
We claim:
1. A method of purging air from an ink-containing
cavity in the print head of a drop-on-demand ink jet
device, comprising the steps of:
providing a transducer in operative relationship with
ik in the cavity,
energizing the transducer continuously, during purg-
ing time, with a series of puises of at least a prede-
termined amplitude without application of supple-
mental pressure to the ink, said series of pulses
being applied for a preselected period of time and
at a repetition rate substantially equal to at least one
resonant frequency of the cavity to purge any en-
trapped air from the cavity, and

thereafter, during printing time, energizing the same
transducer with asynchronous pulses in a drop-on-
demand mode at a frequency lower than any such
resonant frequency. |

2. The method according to claim %, including the

step of moving the print head to a preselected position

during start up to perform the purging operation.

3. The method according to claim 1, including the
step of sensing the velocity of ink droplets ejected from
a nozzle communicating with the cavity in the print
head, and

moving the print head to a preselected position to

perform the purging operation whenever the ink
droplet velocity drops below a preselected value.

4. The method according to claim I, including the
step of moving the print head to a preselected position
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to perform the purging operation during start up and
periodically after preselected periods of subsequent
operation in the drop-on-demand mode.
5. A drop-on-demand ink jet device comprising
an ink jet print head having:
a cavity for receiving ink,
nozzle means providing an exit from said cavity,
a transducer in operative relationship with the ink
in said cavity,
means for energizing said transducer continuously
with a series of pulses of at least a predetermined
amplitude for a preselected period of time at a
repetition rate substantially equal to at least one
resonant frequency of said cavity to purge any
entrapped air from said cavity, and
means for energizing said transducer after said period
with asynchronous pulses in a drop-on-demand
mode to expel ink droplets asynchronously from
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sald nozzle means, whereby purging and asynchro-
nous operation of the device are achieved using the
same transducer and without requiring a supple-
mental source of pressure.

6. An ink jet device according to claim 5, including;:
means for sensing the velocity of the ink droplets

ejected from said nozzle means, and

means for moving the print head to a preselected

position to perform the purging operation when-
ever ink droplet velocity drops below a preselected
value.

7. An ink jet device according to claim 5, including:
means for moving the print head to a preselected

position to perform the purging operation periodi-
cally after preselected periods of operation to in-
sure the cavity and nozzle means are maintained

free of entrapped air.
- ¥ % g
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